Prior work regarding patient education has identified the importance of using learning theory and educational models to develop and deliver content that will improve patient outcomes. Current literature appears to examine implementation of teaching strategies without clear identification of educational principles. This review aimed to identify educational principles and theory currently utilized in the planning and delivery of patient education in disorders of thrombosis and hemostasis. The majority of articles reviewed evaluated the impact of educational interventions on patient outcomes; links between educational principles and changes in outcomes was lacking.
| BACKGROUND
Patient education in disorders of thrombosis and hemostasis is an important component in the ability of patients to self-manage these conditions. Appropriate education has been linked to improved patient outcomes in a variety of chronic diseases, as well as in the use of oral anticoagulation. [1] [2] [3] [4] [5] [6] [7] [8] Common outcomes of interest include adherence, health goals, hospital admission rates, and side effect occurrence. [9] [10] [11] Effective patient education has been shown to improve patient adherence to prescribed medication (dose and frequency), attendance at follow-up appointments, and utilization of adjunct measures such as compression stockings or diet modifications. 1, 2, 9, [11] [12] [13] [14] [15] Appropriate education has also been shown to decrease hospital admission/readmission rates, as well as decrease the incidence of undesirable medication side effects and interactions. 2, [10] [11] [12] [15] [16] [17] Increased achievement of mutually agreed upon health-care goals has been identified as an outcome of individualized education. 1, 7, 8, 18 Prior work in the area of patient education has identified the importance of utilizing recognized principles to develop and deliver patient education. 4, 6, 10 Key theories in adult learning are summarized in Table 1 and include those of Friere and Knowles, both of which place the learner at the center of education development and delivery. [19] [20] [21] The participatory approach of both theories recognizes the importance of learners who are engaged in the educational effort as key to producing the desired outcomes. 22 Building on these, the Health-Belief Model considers the motivations and barriers influencing an individual's decisions regarding their health-care choices and behavior 1, 15, 23 and recognizes the influence these have on engagement and learning. Particularly evident in literature describing pediatrics, developmental theories such as Piaget's provide the basis for general educational interventions and teaching strategy 24 and their use-in conjunction with teaching strategy-is well described. In comparison, current health care literature focusses on the use of teaching strategy and description of content without specifically identifying associated theory. 2, 3, 9, 13, 14, 16, 18, [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] 
| Educational theory and principles
Educational theory is defined as the "theory of the purpose, application and interpretation of education and learning." 42 It is comprised of a number of different approaches, each with roots in psychological theory. Educational theory provides for a specific guidance as to which educational interventions to implement and how to assess them. 43 A key component of a good educational theory is the ability to implement the theory in a practical setting with the aim of determining utility in "real life." In contrast, principles of education are defined as general guiding truths which may not identify specific interventions or approaches. 44 The literature discussing education acknowledges that principles and theory are linked, with definitions going so far as to define one with the other. 44 Regardless of definition or use, implementation of principles and theory into clinical education has been demonstrated to produce improved outcomes in terms of knowledge retention (as demonstrated in medical education) 24 as well as therapeutic outcomes.
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The aim of this review was to identify the educational theory and principles currently being used in the literature to plan and deliver patient education in disorders of thrombosis and hemostasis. When discussed in the literature, evaluation of the education and/or educational intervention was also noted by the authors. Recommendations are made with respect to future directions for research in this area.
| METHODS
A search of PubMed, CINHAL, and Medline databases was conducted using the MESH terms "patient education" and "hemostasis OR thrombosis." The searches were limited to articles published in the English language between January 1, 2007 and April 4, 2017, inclusive.
Articles were sought that described patient education-including delivery, development, and/or evaluation-in either thrombosis or hemostasis. Articles describing the use of specific educational principles or theory in the delivery and/or development of patient education were also included. Exclusion criteria included articles describing patient self-testing, those providing lists of available educational resources, and articles solely providing content for educational material.
The initial search identified 55 citations. Three were found to be duplicate citations and were excluded. The authors were unable to retrieve an abstract or full manuscript for one article and it too was excluded. The full articles were obtained for the remaining 51 citations and reviewed for applicability by 4 reviewers. After the second review, two articles were excluded as they focused on the specific content to be delivered to patients and/or health-care providers, one article described patient self-testing and one listed available educational resources. Thirteen articles were otherwise deemed not applicable to the aim of this review (one discussed prevention of thrombosis in chronic kidney disease, one addressed components of care for patients with thrombosis, and the remainder identified the need for appropriate patient education as a conclusion).
After exclusions, a total of 34 articles remained. Three reviewers extracted information regarding educational principles used, the specificity to disorders of thrombosis and hemostasis, limitations of the article and the population for whom the education was targeted. After this further review, 16 were found to be specific to the disorders of interest. (Figure 1) 
| RESULTS
Of the 34 articles describing patient education, 7 were literature reviews. 3, 16, 30, 35, [46] [47] [48] 
| DISCUSSION
Patient education has long been recognized as an important contributor to successful self-management of a variety of chronic diseases, as well as improved patient outcomes. 6, 9, 11, 46, 51 Recent literature in disorders of thrombosis and hemostasis focuses on describing and evaluating teaching strategies and content rather than exploring the impact of the underlying educational principle or theory. 1, 2, 16 While it does make sense to ensure that patients possess the correct knowledge, the manner in which to best develop and deliver this information remains unclear.
| Thrombosis
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T A B L E 2 (continued)
to immediate evaluation of effectiveness. It does therefore, provide a more practical and accessible approach to theory-based patient education. The issue, however, is that strategy often arises from theory, 44 and the lack of distinction between the two made it difficult for us to determine which had the biggest effect on the outcome of interest.
Our review returned two articles discussing theory-based educational strategies in disorders of thrombosis, 1,12 neither of which made a clear case for-or against-their use. In one, the Health Belief model was used to develop a patient information book for adults, and in the other, a variety of developmental theories were used to design patient handouts for children. Given the specificity of developmental theory, this approach to education development could be perceived to be quite restrictive in its use compared to the generalizability of the Health Belief model; the lack of evaluation and the different patient populations meant we were unable to draw definitive conclusions as to the effectiveness of one theory over the other. As the majority of patients on anticoagulation are adults, the difference in patient ages also made it difficult to draw conclusions as to the effect of theorybased education on patient outcomes in general in this disorder.
| Hemostasis
In contrast to the breadth of literature reporting education interventions for patients with thrombotic disorders, there is a paucity of literature discussing education in disorders of hemostasis. It is not possible to identify from the published literature why this disparity in focus on education may exist between these two populations. Patients with disorders of hemostasis are often managed by the same clinical teams that mange patient with thrombosis, so this discrepancy is unlikely due to fundamental differences between treating clinicians. We propose the lack of focus in the literature on educational theory in disorders of hemostasis may reflect the chronic nature of such disorders.
Patients requiring anticoagulant therapy usually do so after an acute event. In contrast, patients with disorders of hemostasis are commonly diagnosed shortly after birth and live with the disorder for the duration of their lives. Education may thus become a lifelong journey rather being seen as an episodic process requiring strategy and theory.
Further investigation of this issue is likely needed to ensure optimal educational approaches are utilized for this population.
The literature discussing education in disorders of hemostasis fo- ) must be met. Conversely, when examining adherence rates, patient and caregiver knowledge must be considered. 46 As in disorders of thrombosis, there was a focus on increasing patient knowledge-especially with respect to practical, clinical information. The focus on skills and adherence in education of this patient group, however, continues to illustrate the difficulty that exists in the literature in separating teaching strategy from the educational principles underlying it. Table 2 identifies the conclusions reaches in this literature-while themes such as patient engagement and patient needs informing education are part of several theories of education (Table 1) , these are not identified as contributing to the development of the education explored-rather, they are identified as future needs.
| Limitations
The limitations of our review should be noted. Educational principles used to guide patient education in relation to other chronic diseases have been published, but were not within the aim of this review.
Given the increasing prevalence of thrombotic disease coupled with the significant advances in treatment modalities used across the subspeciality of hemostasis, the authors felt a targeted review was warranted. The publication date limits were selected in order to keep this review closely reflective of contemporary patient education practicetherefore it is likely that articles relevant to our aim were not included.
Most of the studies described in the literature have small sample sizes (N=1 to N=24) and fail to utilize validated measures for evaluationthis likely contributes to a lack of clarity regarding the relative contribution of strategy and theory-based education within the published literature.
| Future directions
Despite the variability reflected in the findings, the common themes identified in Table 3 Future research should be founded upon the lack of formal consensus regarding which principles should guide development and delivery of patient education. Efforts should be made to conduct studies designed to appropriately compare the impact of theory-based patient education to current practice on well-defined, objective patient and system outcomes. This, in combination with validated outcome measures, will aid in addressing the lack of reliable evaluation of educational interventions/approaches and will allow for ongoing evaluation.
The lack of literature consistent with our aim reflects the challenges of conducting multicenter trials related to the issue of patient education. As a result, there is a paucity of widely validated resources to support optimal delivery of patient education. Notwithstanding this however, is an emerging pattern of understanding that education delivered to patients that is informed by education and learning theories is likely to yield improved outcomes in terms of knowledge attainment and retention. General Information regarding educational, learning and developmental theory is found in education/psychology journals-although an internet search for "educational theories"
results in resources such as handouts from the University College of Dublin (https://www.ucd.ie/education) and websites such as Learning Theories (www.learning-theories.com). Discussion of these in the context of health care can be found in certain medical and nursing journals.
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| CONCLUSION
Despite acknowledgement that validated educational theory and principles should guide patient education, this review demonstrates that the available literature continues to focus on discussing specific teaching strategies and appropriateness of content as opposed to examining the educational principles used to guide its design and delivery. Given the available literature, it is difficult to make compelling recommendations regarding how to optimize the process of educating patients and families regarding their thrombosis or hemostatic disease. From the available evidence presented here, the Health Belief Model appears to result in the most appropriate written educational material for pediatric patients and their caregivers, while adult education theory appears to be the most appropriate-albeit obvious-choice for education developed specifically for adult patients. However, neither of these have been validated within multi-center trials. Future collaborative research requires a focus on the determination of appropriate, effective educational principles that will result in improved patient outcomes. This is important given the attention paid to patient education internationally. Only through multi-center collaborative research will robust recommendations regarding the optimal approach to patient education be determined; and only then will the true contribution of good quality patient education to clinical outcomes be able to be determined.
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